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AUTOMATED OPTICAL INSPECTION SYSTEM WITH IMPROVED FIELD OF VIEW 

FIELD OF THE INVENTION 
The present invention relates generally to automated optical inspection systems 
5 and particularly to an automated optical inspection system with an improved and efficient 
field of view. 

BACKGROUND OF THE INVENTION 
Automated optical inspection (AOI) systems are typically used to inspect such 
items as printed circuit boards onto which components are mounted ("loaded PCB's") and the 
10 like. As seen in Fig. 1, prior art AOI systems for inspecting loaded PCB's typically employ 
four (4) CCD cameras 1, 2, 3 and 4, arranged north, east, south and west at an angle above an 
area to be inspected. Optionally, a fifth CCD camera may be provided positioned atop the area 
to be inspected. The field of view for commonly used CCD cameras is substantially 
rectangular, typically having a width/height (i.e., horizontal/vertical) ratio of 4/3. 
15 In current AOI systems, the CCD sensors view a horizontal region and each 

camera has the same field of view. It is seen in Fig. 1 that the fields of view of cameras 1 and 
3 extend to dashed lines 5 and the fields of view of cameras 2 and 4 extend to dashed lines 6. 
However, the actual working field of view 7 is only the area in the middle where the fields of 
view from both sets of opposing cameras overlap. Thus some portions of the fields of view of 
20 the cameras are not utilized, making the system somewhat inefficient. 

SUMMARY OF THE INVENTION 
The present invention seeks to provide an automated optical inspection system 
with an improved and efficient field of view. 

There is thus provided in accordance with a preferred embodiment of the 
25 present invention an automated optical inspection system including four CCD cameras spaced 
from each other and arranged generally north, east, south and west at an angle above a 
generally rectangular area upon which an item to be inspected may be placed, wherein a width 
of the area is larger than a height of the area, each of the cameras having an optical axis and a 
field of view, the fields of view of the cameras being generally rectangular, wherein a width of 
30 the field of view is larger than a height of the field of view, characterized in that a pair of the 
cameras are positioned generally opposite each other, each having the width and height of 
their fields of view generally in the same direction as the width and height of the area, 
respectively, and the other pair of the cameras are positioned generally opposite each other 
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and generally perpendicular to the first-mentioned pair of cameras, each having the width and 
height of their fields of view generally in the same direction as the height and width of the 
area, respectively. 

In accordance with a preferred embodiment of the present invention the fields 
of view of both pairs of the cameras overlap generally at a common area. 

Further in accordance with a preferred embodiment of the present invention the 
fields of view of the cameras each have a width/height ratio of about 4/3. 

Still further in accordance with a preferred embodiment of the present 
invention a fifth camera is positioned generally atop the generally rectangular area. Preferably 
the field of view of the fifth camera overlaps the fields of view of the other cameras generally 
at a common area. 

Additionally in accordance with a preferred embodiment of the present 
invention the fifth camera comprises an array of cameras, and the combined field of view of 
the array generally corresponds to the generally rectangular area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from the 
following detailed description, taken in conjunction with the drawings in which: 

Fig. 1 is a simplified pictorial illustration of a prior art automated optical 
inspection system; and 

Fig. 2 is a simplified pictorial illustration of an automated optical inspection 
system constructed and operative in accordance with a preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Reference is now made to Fig. 2 which illustrates an automated optical 
inspection system 10 constructed and operative in accordance with a preferred embodiment of 
the present invention. 

Automated optical inspection system 10 preferably includes four CCD cameras 
12, 14, 16 and 18, spaced from each other and arranged generally north, east, south and west 
at an angle above an area 15 upon which an item to be inspected may be placed. (It is 
appreciated, of course, that the terms "north, east, south and west" are relative and are not 
necessarily connected to the directions of a true compass.) Optionally, a fifth CCD camera 19 
may be placed atop the area to be inspected. The fifth camera 19 may comprise an array of 
cameras 19A, 19B, 19C and 19D, for example. The area 15 is generally rectangular, i.e., a 



• width W of area 15 is larger than a height H of area 15, such as a width/height ratio of about 
4/3. 

Each camera has an optical axis 20 and a field of view 22. The fields of view 
are generally rectangular, i.e., a width of the field of view is larger than a height of the field of 
5 view, such as a width/height ratio of about 4/3. It is appreciated that because of the angled 
arrangement of the cameras, the field of view may be slightly trapezoidal. 

It is a particular feature of the present invention that the fields of view of two 
of the cameras positioned generally opposite each other, for example, cameras 14 and 18, are 
each rotated generally 90° about their optical axis. In other words, cameras 12 and 16 each 
10 have the width and height of their fields of view generally in the same direction as the width 
and height of area 15, respectively, and cameras 14 and 18 each have the width and height of 
their fields of view generally in the same direction as the height and width of area 15, 
respectively. 

In such an arrangement, the fields of view of the cameras overlap generally at a 
15 common area, preferably a substantially rectangular working field of view. The field of view 
of optional top camera 19 (or cameras 19A, 19B, 19C and 19D) also preferably generally 
overlaps this common working field of view. This increases the working field of view and 
ultimately improves system speed, even though the same cameras of the prior art are 
employed. This also obviates the need for relatively expensive square field-of-view cameras. 
20 As is well known in the art, rectangular field-of-view cameras may have 

associated with them a keystoning problem, wherein the rectangular field of view becomes 
distorted trapezoidally. The keystoning problem can be reduced or eliminated with 
appropriate adjustment of optics configuration and/or with algorithms, for example, relying on 
the so-called "Scheimpflug Principle", or other methods used in the art. 
25 It will be appreciated by persons skilled in the art that the present invention is 

not limited by what has been particularly shown and described hereinabove. Rather the scope 
of the present invention includes both combinations and subcombinations of the features 
described hereinabove, as well as modifications and variations thereof which would occur to a 
person of skill in the art upon reading the foregoing description and which are not in the prior 
30 art. 
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CLAIMS 

What is claimed is: 

1. An automated optical inspection system comprising: 

four CCD cameras spaced from each other and arranged generally north, east, 
south and west at cm angle above a generally rectangular area upon which an item to be 
inspected may be placed, wherein a width of the area is larger than a height of the area, each 
of said cameras having an optical axis and a field of view, the fields of view of said cameras 
being generally rectangular, wherein a width of the field of view is larger than a height of the 
field of view; 

characterized in that a pair of said cameras are positioned generally opposite 
each other, each having the width and height of their fields of view generally in the same 
direction as the width and height of the area, respectively, and the other pair of said cameras 
are positioned generally opposite each other and generally perpendicular to the first- 
mentioned pair of cameras, each having the width and height of their fields of view generally 
in the same direction as the height and width of the area, respectively. 

2. The system according to claim 1 wherein the fields of view of both pairs of 
said cameras overlap generally at a common area. 

3. The systern according to claim 1 or claim 2 wherein the fields of view of said 
cameras each have a width/height ratio of about 4/3. 

4. The system according to any of claims 1-3 and further comprising a fifth 
camera positioned generally atop said generally rectangular area. 

5. The system according to claim 4 wherein the field of view of said fifth camera 
overlaps the fields of view of the other cameras generally at a common area. 

6. The system according to claim 4 wherein said fifth camera comprises an array 
of cameras, and wherein the combined field of view of the array generally corresponds to said 
generally rectangular area. 

7. The system according to any of claims 1-4 and substantially as described 
hereinabove. 

For the Applicant, 

Sanford T. Colb & Co. 
Advocates & Patent Attorneys 
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